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LOICRAITDUIvI REPORT 
for the 

Bureau of Aeronautics^ K'avy Department 
FLIGHT TESTS OF VARIOUS TAIL MODIFICATIONS ON 
THE BRCT/STER X3BA-1 AIRPLANE 
II - MEASUREMENTS OF FLYING QUALITIES V/ITH 
TAIL CO^IFIGURATION NUMBER TWO 
By V/, H. Phillips and H. L. Crane 



INTRODUCTION 



At the request of the Bureau of Aeronautics, Navy 
Department, a series of tests on the Brev/ster XSBA-^1 
airplane is being conducted to determine the effects of 
various tail modifications. The modifications are to 
include (1) variation of the chord of the elevator and 
rudder while the total area of the surfaces is kent 
constant and (2) variations of the total area of the 
vertical tail surface. A report has been published 
(reference 1) on the flying qualities of the airplane 
with the original tail surfaces. The present report 
compares the results obtained from tests of the handling 
qualities of the airplane with the first set of modi- 
fled tail surfaces to the handling qualities v/ith the 
original tail. Only those handling qualities affected 
by the m.odif ication of the tall are considered. For 
convenience in this and subsequent papers, the original 
tail surfaces of reference 1 are hereafter called tail 
configuration number one. All tests v/ere made at the 
Langley Memorial Aeronautical Laboratory betv^een 
October 1941 and May 1942. 



TAIL-SURFACE MODIFICATIONS 



The second tail configuration differed from the 
first in that the horn balances were removed so that 
the rudder and elevator were no lo .ger aerodynamically 
balanced. The modified control ourfaces were mass 
balanced by m.eans of lead weights m.ounted on the 
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forward end of loops which passed through cut-outs in the 
fixed surfaces. The areas of tail configuration num- 
ber two follov/: 

Pin area (above fuselage, ahead of hinge line), 

sq ft 12. [j. 

Rudder area (behind hinge line), sq ft 13 • 6 

Rudder tr ironing- tab area, sq ft 0.9 

Stabilizer area (ahead of hinge line, including 

contained fuselage area), sq ft 55 -J 

Elevator area (behind hinge line), sq ft 27.9 

Elevator tr iiiiming- tab area (not changed), sq ft • . 1*7 

On tail configuration number one, the rudder horn- 
balance area vms IcS square feet and the elevator horn- 
balance area was 2.7 square feet. There was no tririnilng 
tab on the rudder. 

Drawings of the tail surfaces are given in fig- 
ures 5 through o. 

The relation between control-stick position and 
elevator deflection is shc-wn in figure "'9 • 

A description of the airolane is given in refer- 
ence 1. 



AIRSPEED CALIRRATIOIT 



The airsneed recorder used for these tests Vv'-as 
calibrated by the use of a trailing airspeed bomb. 



TESTS, RESULTS, AlID DISCUSSION 



All of the measurements of flying qualities were 
made with the center of gravity located at 25.5 percent 
of the mean aerodynamic chord with full service load. 
In this condition the airplane weighed 5770 pounds or 
the wing loading was 22. 14. pounds per square foot. Re- 
tracting the landing gear had no effect on the hori- 
zontal location of the center of gravity and the effect 
of fuel consumption on the center-of -gravity position 
was sufficiently sraall to be ignored. 



LONGITl^IIJAL STABILITY AND CONTROL 



Characteri sti cs of uncontrolled ].o ng 1 1 ud 1 na 1 mo t lo n • 
The degree "of damping of the short-period oscillation v/as 
deternlned by dellecting the elevator and quickly re- 
leasing it in high-speed flight, V/ith both tall con- 
figurations, the subsequent variation of noririal accolera- 
tion and elevator angle had completely disappeared after 
one cycle. This satisfied the requirement stated in 
reference Z. 

The long-neriod (phugoid) oso'llafcion v/as not inves- 
tigated. 

Ch a racteristios of elevator control in steady flight 
The characteristics of the elevator control of the XSBA-l 
airplane in steady flight were meas^^ired by recording the 
elevator positions and forces required for trim at 
various airspeeds and trimming- tab settings. These meas 
urements v;ere nadr^ in the follov;ing conditions of flight: 



Plight 


'■anlfold presoiire 


Propeller 


Flap 


- 

Landing- 


condition 


at 6000 ft 


speed 


position 


gear 




■ ( in . Ilg ) 


(rpm) 




position 


Cruising 


25 


i3oo 


Up 


Up 


Climbing 


52 


iSoo 


Up 


Up 


Gliding . 


Throttle closed 




Up 


Up 


Landing 


Throttle closed 




Dovm 


Dov/n 


Approach 


18 


IQOO 


Half dovm 


Dov/n 


Wave -off 


3if 


2100 


Down 


Down 



Conclusions reached regarding the elevator control 
characteristics may be stimmarized as follows: 

1. In all of the conditions of flight, at low 
speeds, stick-fixed static stability existed for the 
airplane with tail configuration r mber two as shov/n by 
the negative slopes of the curves of elevator angle 
against airspeed in figures 10 through 13, The sta- 
bility was greatest in the landing and gliding condi- 
tions, less in the cruising and climbing conditions, 
small in the approach condition, and just above neutral 
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in the v/ave-off conditlcn. At higher speeds the sta- 
bility be cane aDproxinately neutral in the flaps -up 
conditions. Fi(;ure 14 also gives an indication of the 
stick-fixed static stability in the gliding, cruising, 
and climbing conditions of flight showing neutral sta- 
bility in the climbing condition at low angles of at- 
tack. 

Comparison with the results g-^'ven for the airplane 
with tail configuration nwnber or in reference 1 shov/ed 
little difference in the stick-fixed static stability as 
obtained v;lth the two tail configurations. Since the 
elevator area was changed only slightly by removal of 
the horn balance, no appreciable chanr^e in stick-fixed 
stability was to be expected. I-Iowever, with the first 
tail configuration the airplane v/as slightly stable in 
any condition at the upper end of the speed range. 

2. For the airpi^ane with tail configuration num- 
ber two, the slope of the curve.^. of stick force against 
airspeed, also figures 10 through 13, is negative at the 
speed at which the airplane was trimmed in the gliding, 
cruising, climbing, and landing conditions. This char- 
acteristic assures stick-free static stability of the 
airplane in the gliding and landing conditions. How- 
ever, the slopes of the curves of stick force against 
airspeed for the cruising and climbing conditions re- 
versed between 90 and 130 mJ.les per hour so that, 
although the airplane was stable stick free for trim 
speeds "near 200 miles per hour, the stability would 
have been neutral or slig?itly negative for trim speeds 
below approximately 140 miles per hour. In the ap- 
proach and wave-off conditions with the second tail 
configuration, the slope of the curves of stick force 
against airspeed is about zero. Since on the XSBA-1 
airplane the force change produced by the trim.ming- tab 
increases v^ith airspeed, it is believed that the air- 
plane would have been unstable if trimmed to zero stick 
force in the wave-off condition. 

V/ith tail conf igu.ration number one, the curves of 
stick force against airspeed for the cruising, climbing, 
and gliding conditions v/ore on the verge of reversing 
between 90 and 150 miles per hour. The characteristic 
shape of the curves of force variation for several 
flight conditions with either tail configuration is 
believed to h.ave been caused by nonlinear hinge-moment 



propertle'3 of the elevator ar.d "by the Influence of the 
wing wake at the tail. 

A purmnary of the r tick-free s tacic~s tabllity char- 
acteristics v;ith the two sets of tail surfaces follov/s: 



Condition 


Ta5 1 conf i.';i;uration |Tail configuration 
nirnber one \ nuiriber two 


CruivSing 

Cliiriblng 

Gliding 

Approach 

Landing 

\7ave-off 


Stable 
-c3o. 

eo. 


Neutral 
Do . 

Stable 
Nevitral 
Stable 
Unstable 





3, For t:ie airplane with ta 1 configuration num- 
ber tv7o, the elevator control force vias sufficiently 
large compared to the friction to return the control 
to its trin: position in tlie gliding and landing con- 
ditions. In the other conditions the elevator control- 
force gradient was about zero for pai'-t or all of the 
speed range for sone trim speeds. Therefore, in the 
cruising, climbing, wave-off, and approach conditions, 
the airplane \Tith tail nunber tvi/o did not meet the re- 
quirements of reference 2. V/ith the first tail con- 
figuration, it w^as possible to trim in all conditions. 

4, With either tail configuration, the elevator 
angles required for trim were v;ell within the available 
range in all conditions tested. 

Characteristic? of elevator control in accelerated 
f light . - The characteristics of the elevator control in 
accelerated flight were determined from measurements 
taken in abrupt pull-ups and push-dovms from level 
flight and in rapid 180^ turns. The results of the 
pull-ups and push-dov:ns v^ith tall configuration num- 
ber two are presented in figures 15 and 16. Tim.e 
histories of representative turns are presented in fig- 
ures 17 through 20. Figure 22 shows the variation of 
elevator angle v^ith lift coefficient in 180^ turns. 
The results of the tests pertaining to elevator control 
in accelerated flight mxay be summarized as follows: 
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1. For the airplane with either tail conf icuration, 
the elevator control v/as sufficiently pov^erful to develop 
plther the maxlniin lift coefficient or the allov/able load 
factor at every airspeed. This fact v;as evident in puH- 
ups nade at various airspeeds* 

2. Y/ith hoth tails the normal acceleration was ob- 
served to increase progressively v/ith elevator angle at 
any given airspeed. 

5. Stick motion of 4.6 inches from the trim posi- 
tion produced a stall with tail configuration number one. 
No records of a stall in a turn were obtained v/ith the 
second tail configuration, but figure 18 is a time 
history of a turn in which a normal acceleration of 4g ^ 
v/as reached v/hich req\iired an elevator deflection of 11 
from the trim position. This corresponds to a stick 
travel of 4.3 inches and hence meets the requirement of 
reference 2. 

4. The variation of stick force with normal accel- 
eration in 180^ turns with tail configuration n^jiaber two 
is plotted in figure 21. Change in normal acceleration 
was proportional to the elevator control force applied 
with either tail. 

5. An average force of about 30 po^onds per g was 
required to m.ake a highly accelerated turn with tail 
configuration number onel This was reduced to 27 poixnds 
per g with the second tail configuration. Hov/ever, 
the force per g v;as excessive in either case as about 
15 poiands per g is a reasonable limit of stick-force 
gradient for a scout bomiber such as the XSBA-1 airplane* 

Characteristics of elevator control in landing . - 
With both elevators the sane up -elevator deflection and 
the sane force v/as required to land. The elevator con- 
trol was sufficiently powei-ful to hold the airplane off 
the ground until three-point contact was made. The 
average of records taken of several landings showed 
that 21^ of up-elevator deflection was required to make 
a three-point landing. This was the same as the amount 
of up-elevator deflection required to stall. Usually 
about 10^ more elevator deflection is required to land 
a low^wing airplane than to stall it in the landing con- 
dition at altitude. For the X3BA-1 airplane, it is 
believed that the separation of the flow from the wing 
root in a stall reduced the downv/ash at the tail as the 
stall was approached, .lust as the ground effect reduces 
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the downv/ash at the tall when the airplane is land- 
ing. 

The elevator control force required to make a 
ci landing was about 41 pounds with either tail* This 

^ exceeds by 6 pounds the upper liriit recorunended in 

reference 2. 

Characteristic of elevator co '-.tro l in take-off . - 
With either tail the elevator v/as adeljuate to adjust 
the attitude angle as desired during take-off. 

Trim changes due to power and flaps . - The t r in 
change caused by lov/ering the fla"'ps was in the direc- 
tion tending to cause the airplane to nose up. 
Lowering the landing gear caused the airplane to nose 
down. A push force of 18 pounds v/ith tail configura- 
tion number one or 9 pounds with tail configuration 
number two v/as required to maintain trim if the flaps 
and landing gear were lowered with the pov/er off at 
120 miles per hour. This trim change is in the op- 
posite direction to that usually considered desirable. 
Application of pov/er with flaps and landing gear up 
produced a slight nos ing-up tendencj^'. V/ith flaps and 
landing gear down, this tendency was increased so that 
a push force of 13 pounds with tail configuration num- 
ber one, but only 10 pounds with tail number two, v/as 
required to maintain trim at 120 m.iles per hour. The 
stick-force change at this speed in going from the 
flaps-up pov/er-off condition to the flaps-down full- 
pov/er condition was about 58 pounds with configuration 
number one, v/hich exceeds the upper limit of 35 pounds 
recommended in reference 2, but was only 20 pounds with 
configuration number tv^o. 

Characteristics of longitudinal trimming device . - 
The trimming-tab setting required in the various flight 
conditions to trim at zero stick f jrce v;ith tail con- 
figuration number two is plotted in figures 10 through 
13. Vifith either tail configuration the trimming tabs 
were sufficiently powerful to reduce the stick force to 
zero at any point in the speed range in the power-on 
conditions of flight. In the power-off conditions, 
the airplane could be trimmed at all speeds in the 
range riore than 10 miles per hour above the stall with 
the number one tail. Due to the decreased travel of 
the tab on the nuriiber two elevator, the minimum speed 
for trim vi/as about 20 miles per hour above the stall 
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in the landing and gliding conditions. Unless changed 
manually, the trirmiing tabs in "both the elevators re- 
tained a given setting indefinitely. 



LATERAL STABILITY AHD COiJTROL 



Characteristics of uncontrolled lateral and direc - 
tional rotio n*- The control-free lateral oscillation v^ith 
tail configuration n^ariter tv/o damped to one-half ampli- 
tude in about one-half cycle, as shown in figure 23, 
satisfying the requirement of reference 2. ■ The rate of 
damping decreased very slightly with speed. V/ith tail 
configuration number one, the n^imber of cycles required 
to dam.p to one-half amplitude increased from one-half to 
one and one-half with airspeed© The period of the 
oscillation was ralf again as long with the second tajl 
configuration as with the first. The relation of yaw 
angle to rudder angle showed that rudder numiber tv/o 
floated witli the relative wind and that rudder number one 
floated against the rel.ative v/ind, as would be expected 
with a. horn balance. This explains wfiy the period of 
lateral oscillation .was longer and the damping more 
rapid v/ith tail conflr ration nuiriber tv\ro. 

Rudder control characteristics .- The rudder .control 
characteristics v\/ere measured in steady flight, in side- 
slips, and in abrupt rudder kicks. In the rudder-kick 
maneuvers, records were taken of rudder position, rudder 
force, rolling velocity, sideslip angle, and norm.al ac- 
celeration resulting from abrupt deflections of the 
rudder in steady flight while the other controls v/ere 
held fixed. The results of the sideslips are shown in 
figures 24 through 31. The results of t>ie rudder kicks 
are shown in figures 32 through 34.. 

The results may be summ.arized as follows: 

1. Both rudder number one and rudder number two were 
powerful enough to overcomie the adverse aileron yawing 
moment in all conditions tested. 

2. Either rudder was sufficiently powerful to main- 
tain directional control during take-off and landing, 

3. Figure 35 shov/s that riidder number two was suf- 
ficiently pov/erful to trim the airplane at all airspeeds 
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above the minlmuin for each condition tested. Rudder 
nujntaer one also satisfied this requireri:ent . 

CO 4, The ef f ec tl</eress of the rudder In recovery from 

LO spins was not investigated. 

5. The rudder control force "nrs proportional to 
rudder deflection with either tall configuration. Right - 
rudder force wasi required to hold right-rudder deflec- 
tions and left-rudder orce, to hold left-rudder deflec- 
tions. 

6. Rudder number two was about 25 percent lighter 
than rudder nunber one in sideslips. V/ith either rudder, 
the force required to overcome the yawing moment due to 
full aileron deflection v/as about 100 pounds. The trim 
changes caused by decreasing airspeed were not excessive. 
Complete data were not obtained, but the largest recorded 
trimming force v/as 75 pounds for rudder nujnber two in 

the wave-off condition at 56 miles per hour. In all 
cases, with either rudder, the forces required were below 
the 180 pound lim.it recomm.ended in reference 2. 

Yawing moment due to sideslip .- Characteristics of 
the yav/ing moment due to sideslip v/ere found to be as 
follows: 

1. With rudder locked, at 110 percent of the mini- 
mum speed the m.aximura change in sideslip angle developed 
as a result of full aileron deflection was about 20^, 
which is the m.aximiom allov/able under the requirement of 
reference 2. 

2. V«ith either rudder, the yav/ing r^om-ent^due to. 
sideslip was such that the rudder miovement required was 
in the correct direction from the trim position; that 
is, right rudder produced left sideslip and left rudder 
produced right sidrsli~ . For angles of sideslip betv^een 
±15^, the angle of sideslip was substantially proportional 
to rudder deflection for either rudder. 

3. The yav\?ing moment due to sideslip (rudder free) 
with either tail configuration was such that the airplane 
always tended to return to the trim condition regardless 
of the angle of sideslip to which it was forced. 

Pitching m.om en t due to si deslip.- With both the 
number one and the number two tails, the curves of ele- 
vator angle a^rainst anple of si desi gn '=?}iow thflf- f^p 
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pitching rnorient due to sideslip was small. A naxlrium 

of 1-i of up-elevator deflection v/as required to rxain- 

tain longitudinal trim for steady sideslip produced by 
5^ of rudder deflection. It sliould be noted in inter- 
preting the curves of angle of sideslip for a given 
airspeed that there nay be some error in the indicated 
airspeed due to the angle of yaw of the pitot static 
head v\;hich was only permitted to swivel vertically, 

Pov/er of rudder trimming device There v/as no 
trimming tab on the nur-ber one rudder. The trrlmmang 
tab on the number two rudder was sufficiently powerful 
to reduce the rudder forces to zero in all conditions 
of level flight. Unless changed manually, the trim- 
ming tab would retain a given setting indefinitely. 



COrTCLUSIONS 



The com.parison of the handling qualities of the 
Brewster XSBA-1 airplane with tail configurations 
number one and number tv/o m.ay be sumraarized as follows: 

1, The X3BA-1 airplane with tail configuration 
number two had stick-fixed static longitudinal stability 
in all conditions at lov/ speeds and approached neutral 
stability at higher speeds except in the landing and 
approach conditions of flight. Tail configuration 
number one produced stick-fixed stability in all con- 
ditions throughout the speed range. The stability was 
not large at higher speeds. 

2. The airplane with the second tail configura- 
tion had stick-free static longitudinal stability in 
the gliding and landing conditions. The stability was 
neutral in the cruising, climbing, and approach condi- 
tions and slightly negative in the v;ave-off condition. 
V/ith the first tail configuration, stick-free static 
longitudinal stability existed in all conditions and, in 
the' approach and wave-off conditions, the curves of 
elevator control force against indicated airspeed had a 
steep negative slope. 

5. Tail configuration n*umber two redviced the 
average elevator control-force gradient from 30 to 
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27 poimds per g. Thi? valv?e still far exceeds the 
me.xiraum gradient of 15 poimdc per g that is con- 
sidered reasonable for scout bombers • 

00 

Q-i 4. The stink travel required to stall in i-iianeuvers 

^ v;as desirably large. It was about 4.6 inches v/ith tail 

configuration nuriber one and approxiriately the sarae with 

tail configuration nui.iber two. 

5. v7ith the first tail configuration, triri changes 
caused by application of pov;er or lov/ering the flaps 
w^ere large and caused a nosing-up te3idency. With tail 
configuration nuriber two, these trim changes v/ere re- 
duced about 50 percent. The stick-force change at 

120 miles per hour in going from the flaps -up pov;er-off 
condition to the flaps-dox'im full-power condition was 
38 pounds with the tail configuration number one but vi^as 
reduced to 20 pounds v/ith tail configuration nimber two, 
which was v>^ell below the recommended m.aximum of 35 pounds. 

6. V:ith either tail the directional stability was 
sufficiently large to limit the yav\; caused by full de- 
flection of the ailerons with the rudder fixed to 20^ at 
low flying speeds. The pitching mom.ent due to sideslip 
was desirably small in all flight conditions • 

7. The rudder control with either rudder v/as suf- 
ficiently effective to maintain straight flight at mini- 
mum speod in all flight conditions. Either rudder v.as 
powerful enough to overcome aileron yaw in all conditions. 
The rudder forces were approximately the samie v/ith either 
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rudder and did not exceed the liriit recommended by refer- 
ence 2. liov/ever, rudder number two was about 25 percent 
lighter than rudder nimber one In sideslips. 
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Figure 2.- Three-quarter front view of Brewster XSBA-1 airplane. 
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Figure 4.- Three-view drawing of Brewster XSBA-1 airplane showing tail con- 
figuration number one. ,„io«u. «vi«,»t co«.iTt« for «Ro«i»T,cs 

LAROLIT MBNORIAL AIIOHAUTICAL LABORATORT - LAHGLlT PIILD, VA. 
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Flgur* 5— Horliontal tail configuration nvunbep one. Brewster X3BA-1 alrpli 
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Flgur« 6.- Vertical tall configuration number one. 



Brawitep X3BA-1 airplane. 



Section A- A Trading edge angle 14' 




Figure 7.- Horliontal tall configuration number two. Brewster X3BA-1 airplane. 
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Plgur© 8.- Vertical tall configuration numbar two. Brawatar X3BA-1 alrpli 
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